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[57] ABSTRACT

A two dimensional supersonic atr intake ts provided for
the combustion air of an aircraft engine comprising on

one side a front flap (3) forming a visor and on the other

side a fairing (4). The front flap (3) is movable about a

“pivoting axis (5) situated opposite the fairing (4). The

front flap (3) 1s fast with a mobile fairing nose (6) situ-
ated in front of fairing (4) and moving in front of the
latter when the front flap (3) moves in the direction
which increases the air intake section.
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TWO DIMENSIONAL AND ASYMMETRIC
SUPERSONIC AIR INTAKE FOR THE
COMBUSTION AIR OF AN AIRCRAFT ENGINE

The invention relates to a supersonic air intake for the
combustion air of an aircraft engine, this air intake being
of the two dimensional and asymmetric type, i.e. the
asymmetric character of this air intake results from the
fact that it has on one side a front flap formmg a visor
and on the other side a fairing.

An air intake must be able to perform well (in effi-
ciency and flowrate) throughout a wide flight range so
as to be able to be applied to numerous aircraft: thus, the
air intake must have an intake section which may in-
crease in appreciable proportions with the increase of
the Mach number.

In fact, when the Mach number mccases, the effi-
ciency of the air intake (ratio between the generating
pressure at the intake of the engine and the infinite
pressure upstream) means that it 1s more and more nec-
essary to divert the flow arriving in the air intake, for
slowing it down as much as possible by a succession of
oblique shock waves so that the Mach number upstream
of the final straight shock wave is the lowest possible,
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MCDONNELL DOUGLAS F15 type air intake:
variation of the section relatively large, but consider-
able shocks on the internal wall of the fairing coming
from the separation of the flow which greatly reduces
the efficiency of the air intake,

air intake of the type described in the patent France
No. 1 234 483: considerable reduction of the flow coeffi-
cient at subsonic speeds, which leads to a deterioration
of the propulsive balance because of the increase of
drag caused by the flap.

The two dimensional supersonic air intake for the
combustion air of an aircraft engine comprises:

on one side, a fairing,

on the other side, a front flap forming a visor and
articulated about a pivoting axis situated opposite the
fairing,

and a mobile fairing nose situated in front of the fair-
ing and fast with said front flap.

According to the invention, this mobile fairing nose is
adapted so as to move in front of the fairing when the
front flap moves in the direction which increases the air
intake section.

The forward movement of the mobile fairing nose
limits the deflection of the internal flow at the level of
the fairing. In addition, the minimum air intake section

_1s substantially constant and the downstream portion of

- the air intake which forms a diffuser for bringing the
combustion air to the engine may have a fixed geome-
try.

Under these conditions, for a given upstream Mach
number and incidence angle for the air intake, 1t is possi-
ble to cause the front flap-mobile fairing nose assembly
to pivot so as to obtain a practically constant Mach
number at the level of the fairing nose, so to obtain a
Mach number well matched to the corresponding ge-
ometry of the air intake.

Thus, optimum matching of the air intake 1s obtained
as a function of the joint development of the supersonic
Mach number and of the air intake incidence during
flight.

In a first advantageous arrangement of the invention,
the pivoting axis of the front flap is situated in the vicin-
ity of a boundary layer trap disposed in thHe wall of the
air intake which extends said front flap.

In so far as the mobile fairing nose fast with the front
flap is concerned, recourse may be had to one or other
of the following two embodiments and in which:

in the first of these embodiments, the mobile fairing
nose moves In front of the fairing in the extension
thereof because of facing cylindrical surfaces centered
on the pivoting axis of the front flap,

and for the second of these embodiments, the mobile
fairing nose moves in front of the fairing while defining
therewith a variable section passage forming a bound-
ary layer trap through facing surfaces which move

~away from each other when the front flap moves in the
direction which inceases the air intake section.

In a variant of the first embodiment, the movement of
the facing cylindrical surfaces uncovers openings
formed in their walls so as to create a particular law of

generally round about a value of 1.4.

Furthermore, whatever the aerobe engine used, the
more the upstream Mach number increases, the greater
must be the collected flow section. In particular, for
aircraft flying up to Mach numbers higher than Mach 3,
it i1s advantageous to have larger air intake sections.
Thus, variable geometry air intakes have been pro-
posed.

The prior art related to variable geometry air intakes,
which concerns aircraft flying relatively slowly
(M <2.5), corresponds to the constructions provided on
the atrcraft CONCORDE (mobile compression and
“diffusion ramps defining therebetween an internal
boundary layer trap), on the aircraft (AVIONS MAR-
CEL DASSAULT/BREGUET AVIATION “MI-
RAGE” (mobile body, called “mouse” (shock
cone)—along the wall of the fairing), on the aircraft
McDONNELL DOUGLAS F15 (front element com-
prising a flap fast with sidewalls forming an assembly
pivoting about an axis in the vicinity of the leading edge
of the fairing).

The patent France No. 1 234 483 describes an air
intake which is adapted solely for high speeds, particu-
larly supersonic speeds, and it has as object devices
capable of improving the operation of this air intake at
slow speeds, particularly for subsonic speeds. For this,
the air intake according to this patent comprises two
separate elements each having a pivoting axis and
~which are connected mechanically together by a lever
system.

The object of the present invention consists of a vari-
able geometry air intake able to have a collecting sec-
tion which may increase greatly with the Mach number
while answering better the different requirements of 60
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practice than the air intakes of the prior art which have,
particularly, the following drawbacks: |
the CONCORDE type air intake: small intake section

variation, limited to the favourable effect of flight inci-

dence,

AVIONS MARCEL DASSAULT.BREGUET

AVIATION “MIRAGE” type air intake: zero intake
section variation;

variation of the section of the boundary layer trap as a
function of the movement of the front flap.

Constructively, the mobile fairing nose is secured to

- the front flap by lateral sides, the assembly forming a

65

rigid pivoting case. This constructive solution solves
the problems of sealing, eliminates the mechanical vi-

brations and does away with the need for a connecting

mechanism of the lever kind.
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The invention consists, apart from the arrangements
which have just been discussed, of certain other ar-
rangements which are preferably used at the same time
and which will be more explicitly discussed hereafter.

The invention will in any case be well understood
from the complement of description which follows, as
well as from the accompanying drawings, which com-
plement and drawings are relative to preferred embodi-
ments of the invention and of course comprise no limita-
tive character.

FIGS. 1 and 2 of these drawings are two schematic
front views of an aircraft equipped with air intakes in
accordance with the invention;

FIGS. 3 and 4 show, in two different positions, an air
intake constructed in accordance with the first embodi-
ment of the invention;

-FIGS. § and 6 show, in two different positions, an air
intake formed in accordance with a second embodiment
of the invention;

FIG. 7 shows a vanant of the first embodiment illus-
trated 1n FIGS. 3 and 4;

FIG. 8 1s a schematic perspective view of an advanta-
geous constructive arrangement of the invention.

In FIGS. 1 and 2, the silhouette of an aircraft has been
shown at 1, seen from the front and comprising two air
intakes 2 situated under the wings (FIG. 1) or laterally
on each side of the fuselage (FIG. 2).

Each air intake 2 supplies an engine (not shown) of
aircraft 1 with combustion air.

As shown in FIGS. 3 to 7 which are longitudinal
sections of an air intake in accordance with the inven-
tion, the air intake, of two dimensional type and asym-
metric, comprises on one side a front flap 3 forming a
visor and on the other side a fairing 4.

The flap 3 is movable about a pivoting axis § situated
opposite the fairing 4. |

The front flap 3 1s fast with a mobile fairing nose 6
situated 1n front of fairing 4 and moving in front of the
latter when the front flap 3 moves in the direction
which increases the air collecting section.

In these Figures, the front flap 3 is firmly secured to
the fairing nose 6 by lateral sides 23, the whole forming
a rigid pivoting case. |

It i1s advantageous, as shown in FIGS. 3 to 7, to have
an arrangement of the pivoting axis § of the front flap 3
such that said pivoting axis § is situated in the vicinity
(preferably in front) of a boundary layer trap 7 disposed
in the air intake wall which extends the front flap 3.

The air collected by the front flap 3 therefore meets

the compression ramp 8 formed by the internal wall
of the front flap 3,

the boundary layer trap 7,

the diffuser 9 formed by the internal wall of the air
intake which extends the compression ramp 8.

In the embodiment 1llustrated in FIGS. 3, 4 and 7, the
mobile fairing nose 6 moves in front of fairing 4 while
defining therewith a variable section passage 12 forming
a boundary layer trap through facing surfaces 13 and 14
which move away from each other when the front flap
3 moves 1n the direction which increases the air intake
section. |

The operation of an air intake formed in accordance
with the invention is then the following:

at a low Mach number (e.g. less than 2.5), the front
flap 3 and the mobile fairing nose 6 are in the position
shown in FIGS. 3 and § and on the continuous line in
FIG. 7. In FIG. §, passage 12 has a zero section;
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at a high Mach number (e.g. higher than 3), the front
flap 3 and the mobile fairing nose 6 are in the position
shown in FIGS. 4 and 6 and on the continuous line in
FIG. 7. In FIG. 6, passage 12 has a maximum section
and therefore forms a boundary layer trap.

In so far as the drive means to be used for actuating
the front flap 3—mobile fairing nose 6 assembly are
concerned, they are designated generally by the refer-
ence 15 in FIGS. 3, 4 and 7. |

Considering the severe conditions of use, drive means
15 of the irreversible type should be provided, i.e. so
that in the absence of an energy source, the front flap
3—mobile fairing nose 6 assembly i1s immobilized in the
waiting position at the time of a cut in the energy sup-
ply.

Moreover, these drive means 15 may have a mini-
mum size so as to be housed preferably in the front flap
3 (FIGS. 3 and 4) or 1n a housing situated at the rear of
the boundary layer trap 7 (FIG. 7).

Finally, these drive means 15 may have the smallest
possible response time so as to be able to cause rapid
manoeuvring of the front flap 3—mobile fairing nose 6
assembly.

In FIGS. 3, 4 and 7, these drive means 15 have been
shown schematically.

In FIG. 8, these drive means 15 have been shown In
detail and are formed essentially by:

an actuator body 15 mounted for pivoting about the
pivoting axis § of the front flap 3,

a toothed sector 17 fast with the pivoting axis S of the
front flap 3,

an actuator piston 18 sliding in the actuator body 16
under the action of a pneumatic pressure,

an houg-glass screw 19 engaged with the toothed
sector 17, fixed on a shaft rotating in bearings 20 fast
with the front flap 3,

a rack 22 and pinton 21 connection between the hour-
glass screw 19 and the actuator piston 18.

The pressurized air, controlled by electrovalves (not
shown), arrives in the actuator body 16 and the actuator
piston 19 drives rack 22 in one direction or the other
which rotates pinion 21 and the hour-glass screw 19,
whose axial position is blocked. The hour-glass screw
19 engaged with the fixed toothed sector 17 causes the
front flap 3 and the mobile fairing nose 6 to pivot about
the pivoting axis 5.

Such drive means 18§ are

simple to produce,

of irreversible type, because of the hour-glass screw-
toothed sector reaction,

compact,

able to be made from matenals capable of withstand-
ing a high operating temperature.

What 1s claimed 1s:

1. A two-dimensional supersonic air intake for the
harness of the combustion air at the exterior of a super-
sonic aircraft provided with at least a jet engine, said air
intake being arranged for supplying said aircraft jet
engine with said combustion air, said air intake having
two opposite sides, said air intake comprising:

on one side a fairing, |

on the other side, a front flap forming a visor and
articulated about a pivot axis situated opposite said
fairing,

a mobile fairing nose situated in front of said fairing
and fast with said front flap, said mobile fairing
nose being adapted for moving in front of said
fairing when said front flap moves in the direction
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which increases the air intake section, said mobile
fairing nose being arranged so that when moving in
front of said fairing it defines therewith a variable
section passage forming a boundary layer trap
through facing surfaces which move away from
each other when said front flap moves in the direc-
tion which increases the air intake section.

2. A two-dimensional supersonic air intake according
to claim 1, wherein said mobile fairing nose is made fast
with said front flap by lateral sides, the assembly form-
ing a rigid pivoting case. |

3. A two-dimensional supersonic air intake according
to claim 1, wherein said front flap and said mobile fair-
ing nose are actuated by drive means of irreversible
type. _

4. A two-dimensional supersonic air intake for the
harness of the combustion air at the exterior of a super-
sonic aircraft provided with at least a jet engine, said air
intake being arranged for supplying said aircraft jet
engine with said combustion air, said air intake having
two opposite sides, said air intake comprising:

on one side a fairing,
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on the other side, a front flap forming a visor and
articulated about a pivot axis situated opposite said
fairing, |
a mobile fairing nose situated in front of said fairing
and fast with said front flap, said mobile fairing
nose being adapted for moving in front of said
fairing when said front flap moves in the direction
which increases the air intake section, said mobile
fairing nose moving in front of said fairing in an
extension thereof through facing cylindrical sur-
faces centered on said pivoting axis, said cylindri-
cal surfaces being provided with openings forming
a boundary layer trap, the formation of the open-
ings defined so as to obtain a particular law of
variation of the section of the boundary layer trap
as a function of the movement of said front flap.
§. A two-dimensional supersonic air intake according
to claim 4, wherein said mobile fairing nose is made fast
with said front flap by lateral sides, the assembly form-
ing a rigid pivoting case.
6. A two-dimensional supersonic air intake according
to claim 4, wherein said front flap and said mobile fair-

ing nose are actuated by drive means of irreversible

type.
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